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Geotechnical fabric is a generic term applied to a wide variety of 
artificial fiber textile products used in the construction industry today. 
Other names for geotechnical fabric include geofabric, filter cloth, and 
civil engineering fabric. Approximately 50 different geotechnical fabrics 
are commercially available in the United States. The fabrics are classi-
fied as either woven or nonwoven and can vary in weights from 3 oz per sq 
yd to over 26 oz per sq 'yd. Many of these fabrics may be characterized by 
relatively 1 ight weight, moderate to high tensile strength, initial semi-
elastic behavior, ability to undergo large amounts of elongation without 
rupture, permeability equivalent to that of a medium to fine sand, and 
high resistance to corrosion and bacterial action. Almost all geotechni-
cal fabric will undergo deterioration after exposure to ultraviolet radia-
tion (sunlight) for a 30- to 60-day period unless treated. Woven geotech-
nical fabrics are manufactured on a weaving loom while nonwoven geotechni-
cal fabrics are manufactured by a bonding process, therefore, heat bonded 
or chemically bonded. Geotechnical fabrics are currently produced in 6ft 
to 60 ft widths, and in lengths up to several thousand feet on special 
order. Approximate fabric costs range from less than $0.30 per sq yd for 
the lighter weight fabrics to over $6.00 per sq yd for the heavier weight 
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fabrics. Woven fabrics are usually more expensive than nonwoven fabrics 
for the same weight. 
For a number of years geotechnical fabrics have been used in the con-
struction industry in roads, rai !way construction, earth structures and 
hydraulic structures but their application has been I imited because there 
are no design procedures avai I able for selection and use. In order to 
develop design parameters, laboratory investigations and field tests must 
be performed to understand the reactions to certain soil condltions, loads, 
and loading conditions. 
In 1973, McGowan and Ovelton [I] 1 determined that geotechnical fab-
rics had three basic operational functions: separation, filtration, and 
reinforcement. In 1974, Leflaive and Puig [2] defined a fourth function 
applicable to some fabrics, principally nonwoven fabrics having appreci-
able thickness, that of drainage in the plane of the fabric. In 1977, 
Stewart et al. [3] defined a fifth function, lateral restraint of cohe-
sionless soils, as a special category of the reinforcement concept appli-
cable to low-volume roadways. Kinney and Barenberg [4], in 1978, further 
subdivided the reinforcement concept, in evaluation of fabric-reinforced 
unsurfaced roadways, to include the concept of membrane-type fabric sup-
port developed from wheelpath rutting. Only the separation function will 
be considered in this report. 
Statement of Problem 
This report dea Is with the function of geotechn i ca I fab,n.J:ic ,as•.;a,.sepa-
ration medium between a layer of soft cohesive subgrade and cohesionless 
1 References are listed, in order of first citation, at the end of the 
report. 
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cover material. Many hypotheses and theories have been developed over 
the years but little quantitative data are available concerning geotechni-
cal fabric as a separation medium. 
In recent years, geotechnical fabric has been used in both temporary 
and permanent roadway construction, primarily on very soft, wet, cohesive 
subgrades. Its primary functions were to prevent contamination of granular 
base materi~ls by underlying subgrade soils, and to provide tensile stress-
carrying ability to base material, increasing its ultimate strength and 
load-deformation modulus. Most design procedures now are based primarily 
on many years of actual construction experience. Little quantitative data 
exist, especially with resp~ct to what degree of improvement results from 
fabric separation and whether or not any large difference in separation 
performance occurs between various types of commercially available geo-
technical fabrics. 
Scope of Research 
It is the purpose of this research to investigate the effect of geo-
technical fabric as a separation medium. By placing different fabrics in 
between a layer of soft, wet subgrade and a layer of aggregate, it will 
be shown what the effect on deformation is and if there is any difference 
in which fabric is used. 
CHAPTER I I 
LITERATURE SURVEY 
Introduction 
Current 1 iterature pertaining to the separation function of geotech-
nical fabrics in undocumented field tests and design procedures is abun-
dant but at this time 1 iterature devoted to laboratory research is 
essentially nonexistent. While such observations allow interference of 
expected behavior, a lack of quantitative data exists, especially with 
respect to what degree of improvement results from fabric separation and 
whether or not any large difference in separation performance occurs be-
tween various types of commercially available geotechnical fabrics. 
At this time only one article could be found with regard to labora-
tory research of geotechnical fabrics used as a separation media, so 
articles dealing with field testing were evaluated to determine which 
characteristics of fabric separation need to be determined in the lab-
oratory. To avoid repetition in the presentation of various authors' 
opinions and in order to eliminate literature which does not contribute 
to the overal 1 effectiveness of the literature survey, discussions of 
~nly three articJas.are presented in this report. 
Snaith and Bell (5) 
In their paper presented in Geotechnique, December, 1978, they 
4 
5 
discussed the filtration behavior of construction fabrics under condi-
tions of dynamic loading. In their test they compacted a typical 
cohesive subgrade for Northern Ireland to 95 percent relative compaction. 
Then they placed a layer of fabric secured tightly against the sides of 
the box and added aggregate also typical to Northern Ireland. Water was. 
added to insure saturation of the subbase and the specimens were placed 
into the loading frame. For a period of twenty-four hours the stress 
normal to the plane of the fabric was varied sinusoidally between 25 and 
2 75 kN/m at a rate of 5HZ. 
They concluded that an explanation can be found from the behavior of 
the pore water pressure at the fabric interface. The pore water pressure 
in the subgrade increases in response to the increasing normal pressure 
in any given cycle of load. As the normal pressure reduces at a later 
stage in the cycle the excess pore water pressure will not dissipate in-
stantaneously. Therefore the subgrade pore water pressure will remain 
high during testing. This will tend to reduce the interparticle contact 
pressures and assist the dynamically applied pressure in breaking down the 
soil structure, possibly freeing clay sized particles or floes. It will 
be obvious that to prevent the internal filter forming below the fabric 
membrane, both an elevated and a fluctuating pore water pressure is requir-
ed in the immediate vicinity of the fabric. Conversely it may be conclud-
ed that the fabrics which performed well are preventing one or both of 
these requirements. 
T. A. Haliburton and Jack Fowler (6) 
In their paper presented to the First Canadian Symposium on Geotex-
tiles the authors presented the benefits of placing a layer of fabric 
between a layer of soft subgrade material and a layer of cohes~onless 
cover material. The benefits were separation of the soft subgrade and 
cover material, lateral restraint of the cover material under applied 
vehicular loadings and 11membrane-type11 support from the fabric carrying 
part of the imposed wheel loads. 
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When a properly selected geotechnical fabric is placed between a 
soft cohesive subgrade, usually at or above its plastic limit, andes-
sentially cohesionless cover material, the fab~ic will prevent intrusion 
of fines into the cohesionless material and also prevent penetration of 
the granular cover material into the plastic subgrade, while allowing 
drainage of excess pore pressures from the subgrade. The primary func-
tion of the geotechnical fabric in a separation mode is to insure that 
the roadway remains as originally designed. An appropriate fabric perm-
eability is one which would allow outflow of water and rei ief of excess 
pore pressures while retaining fine soil particles without clogging, or 
else undesirable excess pore pressures may be created and cause general 
loss of subgrade support strength. Furthermore, the fabric must resist 
puncture and abrasion by aggregate particles of the cover material. 
Bender and Barenberg (7) 
Bender and· Barenberg l7) presented results of research conducted for 
the Celanese Fibers Marketing Company. They evaluated Mirafi 140 in a 
soil-fabric-aggregate system. The soil used was a low plasticity clay 
and the aggregate was crushed limestone. 
The benefits of placing a geotechnical fabric between the subgrade 
and aggregate layers were confinement and reinforcement of aggregate 
layer, confinement of the subgrade soil, separation of soil and aggregate 
7 
layers, and introduction of a filter medium which permits the free flow 
of water from the soil into the aggregate layer while preventing the mi-
gration of fine particles from the soil into the coarse aggregate layer. 
With regard to the separation mode, the authors stated that infil-
tration of fine grained soils into the aggregate layer is a major cause 
of failure in soil-aggregate systems. When the fine grained soils force 
into the aggregate materials, it tends to plug the voids of the aggregate, 
preventing free drainage of the water from the aggregates. In a saturat-
ed state, many aggregates exhibit a reduced stability and reduced load 
carrying capacity. Intermixing of the soil and aggregate tends tore-
duce the effective depth of the system, thus changing the design. In-
elusion of a layer of fabric inhibits the migration, thus maintaining the 
separation of the soil and aggregate layers. 
Summary 
After reviewing the above literature and numerous other published and 
non-published articles, several important items of interest were noted. 
These items are: 
1. The fabric should prevent intrusion of fines into the cohesion-
less material. 
2. The fabric should prevent penetration of the granular cover 
material into the plastic subgrade. 
3. The fabric should a !low drainage of excess pore· wate:r ·pressure· 
/' •' ,. 
from the subgrade. 
4. The fabric should resist puncture and abrasive action by the 
aggregate particles of the cover material. 
CHAPTER Ill 
MATERIAL, EQUIPMENT, AND PROCEDURES 
Fabrics Evaluated in Testing Program 
A total of 17 artificial fiber geotechnical fabrics were obtained 
for evaluation in the study. The 17 fabrics, identified in Table I, con-
sisted of 7 nonwoven and 10 woven fabrics. Fiber material consisted of 
various combinations of polypropylene, nylon, polyamide, and polyester. 
Fabrics were obtained through correspondence with the geotechnical fabric 
manufacturers. 
In Table I, the ••.fabric trade name•• is the designation provided by 
the particular fabric manufacturer when supplying the fabric. Descrip-
tive data indicated in Table I are those of the author, obtained in part 
from manufacture-supplied I iterature. Also listed in Table I is the fab-
ric manufacturer. 
Testing Program 
Four types of tests were conducted on the fabric samples. The first 
of these te~ts was a uniaxial tension test. The purpose of this test was 
to 8~iermine the stress-strain characteristics of each fabric and to find 
two woven and two nonwoven fabrics with dissimilar characteristics. It 
was established at the start of the testing program that two woven fabrics, 
one with high tensile strength and stress-strain modulus and one with low 
tensile strength and stress-strain modulus would be subjected to further 
8 
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Fabric Trade Name 
Mount Vernon Mills Fabric 
Celanese 500X/Mirafi 500X 









Corning Fiberglass Fabric 
Tyapr 3401 
TABLE I 
FABRICS USED IN INITIAL TESTING 
Fabric Manufacturer or Distributor 
Advance Construction Specialties 
Celanese Corporation 
Celanese Corporation 
Collins & Aikman Corporation 
Collins & Aikman Corporation 
Collins & Aikman Corporation 






E. 1. DuPont De Nemours & Co., 
Inc. 
Fabric Description 
Woven Nylon Monofilament 
Woven Polypropylene Monofilament 
Woven Polypropylene Monofilament 
Woven Nylon Monofilament 
Woven Nylon Monofilament 
Woven Nylon Monofilament 
Nonwoven Stitchbonded Polyester 
Monofilament 
Nonwoven Needle-Punched Spunbonded 
Polypropylene Monofilament 
Nonwoven Needle-Punched Spunbonded 
Polypropylene Monofilament 
Nonwoven Needle-Punched Spunbonded 
PolypropyJene Monofilament 
Nonwoven Needle-Punched Spunbonded 
Polypropylene Monofilament 
Woven Fiberglass Monofilament 
Nonwoven Spunbonded Polypropylene 
Monof i 1 ament 
1..0 
Fabric Trade Name 
Bidim C-34 
Nicolon 66475/Geolon 66475 
Stabi lenka 200 
Style 5793 
TABLE I (Continued) 
Fabric Manufacturer or Distributor 





Nonwoven Mechanically Entangled 
Continuous Polyester Filament 
Woven Polypropylene Multifilament 
Strands 
Woven Fiberglass Monofilament 




testing. Similarly, two nonwoven fabrics were selected and subjected to 
further testing. Other testing consisted of creep measurement, which 
provides time-dependent elongation under applied static load, measurement 
of soil-fabric frictional resistance by direct shear testing and separa-
tion testing. The primary test of this report, the separation test, con-
sisted of inserting a sample of fabric in between a layer of soft clay and 
a layer of aggregate, applying an alternating static load with two air 
cylinders and measuring the displacement of the loading foot directly 
under the loaded area. 
Details of Uniaxial Tension Testing 
All 17 fabrics obtained from manufacturers were subjected to uniaxi-
al tension testing. Six-inch wide fabric specimens were chosen for use 
and tests were conducted with an initial twelve-inch length of sample be-
tween grip points. A typical tension test can be seen in Figure 1. The 
tension tests were conducted at a rate of one percent strain per minute 
(0. 12 in./min). The strain rate and the specimen's dimensions were based 
upon results obtained by earlier testing by Haliburton, Anglin, and 
Lawmaster [8]. 
Details of Creep Testing 
The fabric was placed in the creep testing grips and lapped complete-
ly around each grip to prevent fabric pullout. The top grip was then sus-
pended from a steel frame and a weight hanger attached to the bottom grip. 
Each fabric was subjected to a static load sufficient to induce tensile 
stress equal to that developed at two percent, six percent, and ten per-
cent elongation during the uniaxial tension testing. The static load 
• 
Figure 1. Photographs of Bidim C-34-Warp Direction in T
ension Testing of (Left to Right) Start, 
10 Percent Strain, Failure, and Rebound 
N 
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Details of Separation Testing 
The separation experiment was designed to simulate a subgrade-fabric-
aggregate system, subjected to a 11 rocking type•• load which might approxi-
mate the effects of wheel load passage. A schematic of the test setup is 
shown in Figure 2. Several boxes were constructed of 13 in. x 6.5 in. 
dimension, 13 in. high to hold the subgrade-fabric-aggregate system. The 
subgrade material consisted of a white Georgia kaolinite clay which had 
a liquid 1 imit of 70 and a plastic limit of 33. With a plasticity index 
of 37, the kaolinite clay was classified CH by the Unified Soil Classifi-
cation System. 
The subgrade material was mixed at a water content of 45 percent (dry-
weight basis) and compacted to nine inches depth inside each test box in 
three consecutive three-inch lifts by static compaction. After compaction 
with a hydraulic compression testing machine the soil had a dry unit 
weight of approximately 76 pounds per cubic foot. At this water content 
and density the clay had a cohesion of approximately 200 pounds per square 
foot. 
After the subgrade had been compacted, the fabric was cut into 8.0 
in. x 15 in. strips, with the 15,0 in. dimension in the warp direction or 
finished edge. The edges of the fabric were fastened to the perimeter of 
the test box by bolt clamping. This provided fabric anchorage and restric-
tion to fabric slippage under the ••rocking type•• load during the test. 
Aggregate cover was then placed on the fabric. The aggregate was 
simulated by half inch steel ball bearings placed to a depth of two inches. 
The steel ball bearings were used to provi.de uniform aggregate properties dur.ing 
















Figure 2. Schematic Diagram of Separation Testing Equipment 
-,.1::-
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necessary to produce tensile stress developed in the material at two per-
cent was applied and deformations were monitored with time until they had 
(essentially) ceased. Additional weight was then added to increase the 
fabric stress to the value developed at six percent elongation and the 
procedure repeated. The procedure was then repeated to produce a fabric 
tensile stress equivalent to that developed at ten percent elongation. 
The test setup and procedure was based upon earlier work by Haliburton, 
Anglin, and Lawmaster [8]. 
Details of Direct Shear Testing 
The coefficient of friction between soil and fabric was determined 
by producing shear at the soil-fabric interface, under various values of 
applied normal stress. A motorized direct shear machine was used with a 
deformation rate of 0.025 inch per minute. A conventional Karolo-Warner 
two-inch square shear box was modified by inserting a metal insert to 
fill the lower half of the shear box, and fabric was then clamped to the 
flat surface. The shear box was then placed in the shear machine and 
the top half of the shear box was filled with standard Ottawa testing 
sand. Prior to conducting the soil-fabric friction studies, a standard 
direct shear test was performed on the Ottawa sand to determine the angle 
of internal friction, ~. in loose and dense states. Shear test data for 
each fabric tested were used to determine the coefficient of sand-fabric 
friction and resulting angle of, Ln.ternal /r-.Iction, 4>, for comparison with 
the sand-sand internal fri.ction _angle. The testing procedure was based 
upon earlier work by Haliburton, Anglin, and Lawmaster [8]. 
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aggregate edge crushing. The ball bearings also had a uniformity coeffi-
cient C. of one; thus aggregate density would not change during the load-
u 
ing process and use of the ball bearings tended to minimize soil-fabric 
friction at the ••aggregate11 -fabric interface, and thus eliminate the 
effect of aggregate lateral restraint. After the ball bearings had been 
placed, a plate of 3/4-inch plywood, with a rectangular cutout for the 
loading foot was placed on the ball bearings and clamped to the box. This 
plate was used to keep the ball bearings from being displaced upward dur-
ing the test, thus simulating the restrictive action of the pavement. A 
detailed drawing of the test box can be seen in Figure 3. 
The subgrade~fabric-aggregate-cover plate system is now placed into 
the loading frame. Load was applied to the surface of the aggregate by 
a 6-in.-long by 3-in.-wide loading plate. The loading plate was conne~ted 
to two side-by-side mounted, two and one-half inch diameter double-acting 
hydraulic cylinders. Compressed air was used as the hydraulic fluid, with 
air supply controlled by a standard pressure regulator. The loading plate 
was placed through the cutout hole in the plywood plate and a seating load 
of 20 pounds per square inch in both cylinders was applied to the surface 
of the aggregate, and then 40 pounds per square inch pressure was cycled 
back and forth between cylinders on five second intervals, using a mechan-
ical timer and a solenoid valve, to produce a 11 rocking type•• load. 
Measurement of the vertical displacement of the loading plate at the 
point of load application from each cylinder was obtained by two Hewlett-
Packard direct current displacement transducers (DCDT). The dual DCDT 
output was monitored by a Sergeant-Welch Model DRSG dual pen strip chart 
recorder. Figure 4 shows the test box with fabric placed on the subgrade 
+IN. PLYWOOD .. WEARING SURFACE .. 
CLAMPED TO BOX PERIMETER 
CUTOUT FOR 
j_~ZZ~ZZZZZZOZZ?J 1 LO!~~~~~:~!;!zzJ 
2.0 IN. 1ffi 
1ffi r~1 
r (KAOLINITE 
Co.5 IN. DIA. BALL 
BEARING 11AGGREGATE') 
g.o IN. 11SUBGRADE11 l_ . ) 
~ 13.0 IN. ..., 
NO SCALE 
GEOTECHNICAL 
FABRIC, CLAMPED TO 
BOX PERIMETER 
+ IN. PLYWOOD BOX 
( 13.0 IN. X 6.51N. X 13.0 IN.) 
Figure 3. Schematic Diagram of Separation Model Test Box 
-.... J 
Figure 4. Separation Experiment Test Box Containing Kaolinite 
Subgrade, with Geotechnical Fabric Anchored in 
Place 
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while Figure 5 shows the aggregate cover. A photograph of the complete 
apparatus, ready for testing, is shown in Figure 6. 
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Figure 5. Separation Experiment Test Box with 0.5-in.dia
 Ba11 
Bearing Aggregate Placed Over Geotechnical Fabric 
20 
' 
Figure 6. Separation Experiment Test Setup, Ready 
for Conduct of Testing 
21 
CHAPTER IV 
RESULTS AND DISCUSSION 
All 17 geotechnical fabrics were initially tested in uniaxial ten-
sion and direct shear. Four geotechnical fabr~cs were then selected for 
further testing as separation medium. Creep tests were also run on the 
four fabrics to determine the time-dependent elongation characteristic of 
the fabric. 
Selection of Geotechnical Fabrics 
Preliminary tests to determine the fabrics• physical characteristics 
were conducted. These tests included uniaxial tension testing, sand-
fabric direct shear testing, and creep testing. From these preliminary 
tests, for geotechnical fabrics were selected to be tested as a separation 
medium. The four fabrics selected were: 
1. B1dim C-34--a nonwoven, needle punched polyester fabric manufac-
tured by the Monsanto Company. 
2. Typar 3401--a nonwoven, heat bonded polypropylene fabric manufac-
tured by E. I. Dupont Nemours & Company. 
3. Mirafi 500X--a woven, split tape polypropylene fabric manufactur-
ed by Celanese Corporation. 
4. Geolon 66475--a woven, multi-filament polypropylene fabric pro-
duced by the Nicolon Corporation. 
The tension testing consisted of at least three uniaxial tension 
22 
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tests in the warp and fill directions. The warp direction is defined as 
the direction parallel to the finished edge, or parallel to the direction 
the fabric was extruded from the loom or other manufacturing device. The 
fill direction is defined as the direction 90 degrees to the warp direc-
tion. Wovens and nonwovens show appreciably large differences in strength 
of the fabric in the two directions. The Appendix contains photographs 
of all 17 fabrics as they were tested. Specific test results for the fab~ 
ric are also presented in the Appendix immediately following the photo-
graph of that test. 
Direct shear testing was conducted to determine the soil-fabric fric-
tional angle ~sF· Soil-fabric direct shear testing was conducted only in 
the warp di rection,as this is the direction in which maximum stresses 
should be transmitted in a construction project. Tests were conducted 
with Ottawa 20-30 testing sand compacted to a dense state. Test results 
for each of the 17 fabrics tested can be found in Table I I. 
Creep tests were conducted on just the four fabrics selected to use 
as the separation medium. It should be noted the Bidim C-34 and Geolon 
66475 experienced large initial creep when initial load was applied but 
quickly leveled off in magnitude. It should also be noted that some slip-
page did occur in the clamps but the effects were taken into account in 
the results. Bidim C-34 and Geolon 66475 reached approximately 15 percent 
strain, Mirafi-500X reached approximately 35 percent strain, and Typar 
3401 reached 50 percen.t ,s,:cr~·in .,by the."teg.t·\ s end. 
A summarY of .. the resu 1 ts of the pre Um~nary_.,te::; t i ng on the four fab-
rics selected can be found in Table I I 1. A relatively large variation can 
be seen in the tensile modulus and ultimate tensile strength among the 

















SOIL-FABRIC FRICTION VALUES 
FABRIC WARP DIRECTION 
















Corning Fiberglass Fabric 30 
Stabi lenla 200 40 
Mount Vernon M i 11 s Fabric 41 
(Degrees) 
1¢ for soil alone was found to equal 54°, which in-








TABLE I I I 
WARP DIRECTION PHYSICAL PROPERTIES OF GEOTECHNICAL FABRICS 
USED IN SEPARATION TESTING PROGRAM 
Ottawa 
Secant Tensile Sand-Fabric 
Ultimate Tensile Elongation at Modulus @ 10% Friction Angle 
Strength (lb/in.) Failure (%) Strain (Jb/in.} (deg) 
88 50 1 70 31 
45 50 1 5252 32 
104 35 480 29 




n i I 
high 
moderate 
n i I 
21nitial Tangent Modulus--Secant modulus at 10 percent Strain 225 lb/in. Only this fabric had a higher 




the same for all four fabrics. Creep tendency ranged from nil for Geolon 
66475 and Bidim C-34, to moderate for Mirafi-500X; to extreme for Typar 
3401. The four fabrics selected for separat1on testing are also fairly 
representative of the various kinds of geotechnical fabrics available, 
which are needle punched nonwoven, heat bended nonwoven, split tape 
woven, and multi-filament woven. Bidim C-34, Typar 3401, and Mirafi-
500X are all advertised as separation materials by their respective manu-
facturers while Geolon 66475 is advertised as primarily a fabric to be 
used in reinforced embankments and placed under heavy riprap in erosion 
control projects. It was selected to test because of its high tensile 
strength and high modulus. 
Separation Tests 
After preliminary preparation of the subgrade-fabric-aggregate sys-
tem and application of the seating load the apparatus was activated and 
displacement-time data recorded. An arbitrary performance criterion of 
either 500 rocking cycles or 0.5 inch total loading head displacement was 
established. However, after initial observations that all systems con-
taining fabric essentially stabilized after 100 cycles, the cycling limit 
criterion was reduced to 200 rocking cycles. The 0.5 inch displacement 
depth was arbitrary, but based on the concept that after the diameter of 
the steel spheres had been exceeded, aggregate rearrangement under the 
cover plate could occur and subsequent displacement data might not re-
flect the true fabric-subgrade deformation. 
Each of the four fabrics were tested three times as was the control 
(subgrade-aggregate-cover plate without fabric) test. Excellent consis-
tency was obtained between individual tests with the same type of fabric 
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and average displacement versus number of rocking cycle curves for the 
four fabrics and control (no fabric) case can be seen in Figure 7. The 
control test displaced at an essentially linear rate, reaching the 0.5 
inch arbitrary displacement depth at approximately 110 rocking cycles. 
Embedment of one layer of ball bearings in the soft kaolinite subgrade, 
with some extrusion of displaced kaolinite into the ball bearings immedi-
ately above the embedded layer was the net result of the control test. 
After initial displacements required to "set the fabric" under the 
loading plate, a linear rate of increase in displacement with number of 
rocking cycles was achieved for all fabrics at approximately 100 cycles. 
Behavior for all four fabrics was remarkably similar. Conducting the test 
past the 200 cycle 1 imit shown in Figure 7 indicated a continuation of the 
1 inear relationship. 
After test completion and disassembly, examination of all fabric test 
kaolinite subgrades indicated that some lateral displacement had occurred 
in the plastic clay, with the displacement approximately equal to the total 
deformation-measured during the test. It may be reasonablyassumedthatthe 
linear vertical displacement number of rocking cycles relationship achieved 
by all fabrics after about 100 cycles was related to plastic displacement 
of underlying "subgrade." Despite their dissimilar physical properties, no 
significant elongation or torsion was noted in any fabric after removal of 
aggregate during test box disassembly, which further substantiates the 
essentially similar displacement number of rocking cycle relationships ob-
tained for all fabrics. 
Water was extrudedandpumped from the subgrade in all instances and 
kaolinite was found on the surface of al 1 fabrics except the thicker Bidim 
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Figure 7. Displacement vs. Number of loading Cycle Relationships for the Four Test Fabrics 





and slightly through Mirafi-500X and Geolon 66475 and was extruded into 
the Bidim C-34 to approximately one-half the thickness of the fabric. A 
definite coating of kaolinite was seen on the underside of Typar 3401 but 
no noticeable extrusion through the fabric pores was observed. The under-
side of Geolon 66475 after testing is shown in Figure 8. 
No significant extrusion of kaolinite through any fabric occurred 
during 200 rocking cycles. All fabrics were obviously clogged to some ex-
tent by the kaolinite subgrade filling some of the fabric pores, but the 
exact extent of the clogging and/or permeability reduction was not deter-
mined. No significant deterioration to the fabric surface exposed to the 
aggregate during the short term test. The Typar 3401 fabric had notice-
able aggregate indentations in its surface, and the upper surface of 
Bidim C-34 had some of the surface and near surface fibers pulled apart, 
apparently unlocking the needle-punch mechanical interlock. Obviously 
though these slight abrasions and indentations did not affect the perfor-
mance of either fabric. If angular aggregate or longer term cycling was 
employed, different results might be obtained. Geolon 66475 and Mirafi-
500X showed no obvious signs of aggregate indentation or abrasion. 
While all fabrics achieved essentially a linear displacement-time 
relationship after approximately 100 rocking cycles (apparently related 
to displacement of underlying 11 subgrade11 ), different amounts of load 
plate and thus fabric deformation were required to achieve linearity. 
The displacements required to ~btain linearity are not related to the 
ultimate tensile strength or 10 percent strain secant tensile modulus of 
the fabrics, as given in Table 11. If we review each fabric•s construc-
tion and their actual tensile stress-strain curves (Appendix), it gives 
some insight into the observed behavior. Typar 3401 is a heat bonded 
Figure 8. Underside of Geolon 66475 Fabric After Separation Testing, 
Showing Kaolinite Subgrade Smeared on the Fabric 
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nonwoven fabric and the heat bonding produced a fairly high initial modu-
lus, as the nonwoven fibers need not be pulled into the direction of load 
application to provide deformation resistance. The needle-punched Bidim 
C-34 fabric develops mechanical interlock of nonwoven fibers over extreme-
ly short intervals (between needle-punches). Thus only a very short 
length of fiber is initially strained, despite the absence of physical 
bond between individual fibers. The Mirafi-SOOX fabric is a woven, essen-
tially flat, split tape fabric and, though the material has more ultimate 
strength than either Bidim C-34 or Typar 3401, initially the woven fibers 
must be pulled flat before they can develop any resistance. Similar be-
havior would occur for Geolon 66475, which was the strongest fabric, both 
in ultimate strength and tensile deformation modulus. However, this fab-
ric is woven of fairly large diameter strands and each strand must be 
pulled flat before any fabric resistance can be mobilized. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
Literature Survey 
From the literature survey it can be seen that the majority of the 
understanding about geotechnical fabrics used as a separation media is 
from field testing. Using the results of the field testing plus the test 
performed by Bell and Smith, a quantitative laboratory experiment was 
conducted with the same important parts closely monitored. Those points 
were: 
1. A soft cohesive clay at its plastic limit was used. 
2. Prevention of intrusion of fines into the cohesionless cover 
material. 
3. Prevention of penetration of granular cover material into the 
plastic subgrade. 
4. Drainage of excess pore pressure from the subgrade. 
5. Resist puncture and abrasion by aggregate particles in the fab-
ric. 
Preliminary Testing 
From the preliminary testing the most important points of interest 
have already been noted in previous reports. The majority of the 
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research project and thus the results and discussions deal with the sep-
aration testing. One major point that was indicated from the creep test 
was that no estimates of fabric creep tendencies can be assumed, based 
upon manufacturing process or chemical composition. 
Separation Testing 
Results of the experiment indicated a marked increase in deformation 
resistance of the model subgrade-fabric-aggregate-wearing surface system, 
as compared to the no fabric case. Behavior of the system was essential-
ly changed from that of aggregate embeddment and subgrade intrusion with-
out fabric to a 1 inear, but fairly small rate of plastic subgrade 
displacement, for all fabrics used in the test program. Results of the 
test program showed that all four fabrics performed essentially alike, 
despite some initial differences in the amount of displacement required 
to ''set the fabrid'; therefore all fabrics should give similar short-
term separation performance. 
During all tests, water was pumped from the kaolinite subgrade 
through or into the test fabrics and clay was pushed into fabric pores 
and smeared along the bottom surface of the fabrics. The effect of this 
behavior on long-term fabric clogging was not evaluated, but could be 
significant. Though it did not affect their performance in the short-
term tests, aggregate indentation marks were noticed on the surface of 
the Typar 3401 and the ~pper surface of the Bidim C-34. Such behavior, 
if continue,d for extended periods of time or accele-rated by angular ag'"' :~'i ;-
gregate, might cause a degradation in performance. 
Because of the relatively small displacements involved, it may be 
reasonably assumed that membrane-type support was not developed by any 
fabric. Also, use of the bal ]-bearing aggregate, with extremely low 
coefficient of aggregate-fabric friction, appears to have eliminated 
effects of lateral restraint from the system. 
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For short-term separation potential, it may be conclued, based on 
results of the simplistic experiments conducted, that essentially all 
types of available geotechnical fabric will provide adequate separation 
of cohesive subgrade and cbhesionless aggregate. As long as the fabric 
is not punctured, torn, or abraded by the aggregate or clogged by the 
subgrade, no noticeable difference in separation performance will occur. 
Recommendations for Further Research 
Investigations should be carried out, initially in the laboratory 
and later under controlled field conditions, to determine the long-term 
separation ability of geotechnical fabrics considering both separation 
to resist cohesive subgrade intrusion and cohesionless fines pumping. 
Both laboratory and field investigations should attempt to measure the 
long-term clogging resistance and subgrade retention of various types 
of geotechnical fabric, as well as the quantitative fabric properties 
desirable for long-term performance. 
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APPENDIX 
FIGURES AND TEST RESULTS 
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Figure 9. Photographs of Bidim C-34-Warp Direction in Tension Testing at (Le
ft to Right) Start, 




Figure 10. Photographs of Bidim C-34-Fill Direction in Tension Testing
 at (Left to Right) Start, 
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Figure 12. Photographs of Typar 3401-Warp Direction in Tension Testing at (Left to Right} St
art, 
10 Percent Strain, Failure, and After 11 Elastic11 Rebound 
_, 
.t-o 
Figure 13. Photographs of Typar 3401-Fill Direction in Tension Testing
 at (Left to Right) Start, 
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Figure 14. Stress-Strain Data for Typar 3401 in Uniaxial Testing 
.s:-
N 
Figure 15. Photographs of Celanese 500-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After "Elastic" Rebound 
~ 
\N 
Figure 16. Photographs of Celanese 500-Fill Direction in Tension Testing at (Left to Right) Start, 
























20 30 40 
STRAIN (%) 
Figure 17. Stress-Strain Data for Celanese 500X in Uniaxial Testing 
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Figure 18. Photographs of Nicolon 66475-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and Aft;_er "Elastic" Rebound 
~ 
0'\ 
Figure 19. Photographs of Nicolon 66475-Fill Direction in Tension Testing at (Left to Right) St
art, 
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Figure 20. Stress-Strain Data for Nicolon 66475 in Uniaxial Testing 
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Figure 21. Photographs of Ce1anese600X-Warp Direction in Tension Testi
ng at (Left to Right) Start, 
10 Percent Strain, Failure, and After 11E1astic" Rebound 
..e-
\.0 
Figure 22. Photographs of Celanese600X-Fi11 Direction in Tension Testing at (Le
ft to Right) Start, 




























Figure 23. Stress-Strain Data for Celanese 600X in Uniaxial Testing 
\Il 
Figure 2'•· Photographs of Diamond 8-Warp Direction in Tension Testing at (Left 
to Right) Start, 
10 Percent Strain, Failure, and Af~er 11Elastic 11 Rebound 
\n 
N 
Figure 25. Photographs of Diamond 8-Fill Direction in Tension Testing at (Left to Right) Sta
rt, 
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Figure 27. Photographs of Special 400-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After 11Elastic11 Rebound 
V1 
V1 
Figure 28. Photographs of Special 400-Fill Direction in Tension Testing at (Left 
to Right) Start, 
























5 10 15 
S T R A I N ( 0/o ) 
20 25 30 
Figure 29. Stress-Strain Dat~ for Special 400 in Uniaxial Testing 
Figure 30. Photographs of Retain 72-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After 11 Elastic11 Rebound 
\11 
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Figure 31. Photographs of Retain 72-Fill Direction in Tension Testing at (Left to Right) Start, 
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Figure 32. Stress-Strain Data for Retain 72 in Uniaxial Testing 
;.. 
Figure 33. Photographs of Stitchbond 1375-Warp Direction in Tension Testing at (Left to Right) 
Start, 10 Percent Strain, Failure, and After 11Elastic11 Rebound 
0'\ 
-
Figure 34. Photographs of Stitchbond 1375-Fill Direction in Tension Testing at (Left to Right) 
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Figure 35. Stress-Strain Data for Stitchbond 1375 in Uniaxial 
Testing 
63 
Figure 36. Photographs of Fibretex 150-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After "Elastic" Rebound 
0" 
..t:-
Figure 37. Photographs of Fibretex 150-Fill Direction in Tension Testing at (Left to Right) 
Start, 
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Figure 38. Stress-Strain Data for Fibretex 150 in Uniaxial Testing 
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Figure 39 . Photographs of Fibretex 200-Warp Direction in Tension Testing at (Left to Right) Start, 





Figure 40. Photographs of Fibretex 200-Fill Direction in Tension Testing at (Left to Right) Start, 
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Figure 42. Photograph of Fibretex 300-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After 11Elastic11 Rebound 
........ 
0 
Figure 43. Photographs of Fibretex 300-Fill Direction in Tension Testing at (Left to Right) Start, 
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Figure 45. Photographs of Fibretex 
400-Warp Direction in Tension Testin
g at (Left to Right) Start, 
10 Percent Strain, Failure, and Afte
r 11Elastic•• Rebound 
-...J w 
Figure 46. Photographs of Fibretex 400-Fill Direction in Tension Testing at (Left to Right) Start, 
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Figure 47. Stress-Strain Data for Fibretex 400 in Uniaxial Testing 
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\J1 
Figure 48. Photographs of Style 5793-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, arJd After "Elastic•• Rebound 
....., 
0" 
Fl9ure 49. Photographs of Style 5793-Fill Direction in Tension Testing at (Left to Right) Start, 
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Figure 50. Stress-Strain Data for Style 5793 in Uniaxial Testing 
Figure 51. Photographs of Stabi lenka 200-Warp Direction in Tension Testing at (Left to Right) Start, 
10 Percent Strain, Failure, and After 11 Elastic11 Rebound 
........ 
\.0 
Figure 52. Photographs of Stabilenka200- Fill Direction in Tension Testing at (Left to 
Right) Startt 
10 Percent Straint Failuret and After "Elastic" Rebound 
(X) 
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Figure 53. Stress-Strain Data for Stabilenka 200 In Uniaxial Testing 
o::> 
Figure 54. Photographs of Mount Vernon Mills Fabric-Warp Direction in Tension Testing at (Left to 
Right) Start, 10 Percent Strain, FaJlure, and After 11Elastic11 Rebound 
co 
N 
Figure 55. Photographs of Mount Vernon Mills Fabric-Fill Direction in Tension Testing at (Left to 
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Figure 56. Stress-Strain Data for Mount Vernon Mills Fabric in 
Uniaxial Testing 
Figure 57. Photographs of Corning Fiberglass Fabric-Warp Direction in Tension Testing at (Left to 
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